Lymphatic filariasis, a major public health problem in 80 tropical countries, affects 120 million people and is caused by Wuchereria bancrofti, which accounts for 90% of the infections, and Brugia malayi, which causes the remaining 10% (2). Both parasite species have complex life cycles which require vertebrate and mammalian hosts and, similar to other nematodes, must complete distinct developmental stages which are separated by molting events. Human infection is initiated when infective third-stage larvae (henceforth, L3) are deposited onto the skin of a human host by an infected mosquito during a blood meal. The L3 crawl subcutaneously through the bite wound and migrate to the lymphatics, where the parasites live through all the mammalian stages of the life cycle.
Lymphatic filariasis, a major public health problem in 80 tropical countries, affects 120 million people and is caused by Wuchereria bancrofti, which accounts for 90% of the infections, and Brugia malayi, which causes the remaining 10% (2) . Both parasite species have complex life cycles which require vertebrate and mammalian hosts and, similar to other nematodes, must complete distinct developmental stages which are separated by molting events. Human infection is initiated when infective third-stage larvae (henceforth, L3) are deposited onto the skin of a human host by an infected mosquito during a blood meal. The L3 crawl subcutaneously through the bite wound and migrate to the lymphatics, where the parasites live through all the mammalian stages of the life cycle.
In the laboratory setting, murine infections with B. malayi or the closely related parasite Brugia pahangi have been used extensively over the past 10 years to study host-parasite interactions. Although the original studies of brugian infection in mice used the subcutaneous route of infection, it was later discovered that intraperitoneal (i.p.) infections with B. pahangi L3 allowed more accurate determinations of worm burdens (19) . When injected i.p., the parasites develop normally and infection progresses to patency in permissive hosts with similar kinetics to mosquito-transmitted infection. Moreover, the parasites remain in the peritoneal cavity and can be easily recovered by peritoneal lavage (8) . This method has been widely accepted for the study of filarial biology and host-parasite interactions.
Normal immunocompetent inbred C57BL/6 and BALB/ cByJ mice are refractory to infection with brugian parasites. However, infection develops to patency in immunodeficient scid/scid or RAG-1 Ϫ/Ϫ mice that lack an adaptive immune system (20) . This suggests that mice can support the normal development of these organisms and that immunocompetent mice are able to actively clear the infection due to an efficient immune response. Studies using T-cell-deficient NUDE mice with B. malayi or B. pahangi demonstrated that these mice develop patent infection and harbor parasites as late as 240 days postinfection (28, 29, 31, 33, 34) . Furthermore, the susceptibility of NUDE mice to B. pahangi infection was reversed by immune reconstitution with neonatal thymocytes from wildtype syngeneic mice or by implantation of neonatal thymus grafts several weeks prior to infection (32) .
Our previous studies demonstrated a role for B lymphocytes in protection against Brugia infection and the potential of naïve peritoneal cells to transfer this protection to immunodeficient mice (22) . In this communication we report the transfer of protection against B. pahangi to T-cell-deficient mice with primed purified peritoneal B lymphocytes and analyze possible mechanisms of B-cell-mediated protection against infection.
National Institutes of Health (U.S.-Japan Collaborative Program in Filariasis). Infective larvae were shipped in Ham's complete medium as described previously (35) . Upon arrival, the larvae were resuspended in fresh RPMI 1640 cell culture medium (GIBCO Life Technologies, Grand Island, N.Y.), aliquoted, and counted prior to injection.
Infection and parasite recovery. Mice were infected i.p. with 45 to 50 Brugia L3 in 400 l of RPMI unless stated otherwise. For priming, mice were injected with 25 to 40 L3 i.p. Mice were euthanized in a CO 2 chamber at various times following challenge infection. The peritoneal cavities were washed with RPMI, supplemented with 5 USP U of heparin (American Pharmaceutical Partners, Inc., Los Angeles, Calif.)/ml to recover viable L3, L4, or adult worms. In addition, the mice were soaked in Tris or phosphate-buffered saline (PBS) with their peritoneal cavities open, to allow the remaining worms to crawl out. Worm counts were performed under a dissecting microscope, and worm burdens were expressed as a percentage of the infecting dose (50 L3). Microfilariae were identified microscopically in the blood or in the peritoneal lavage.
Adoptive transfers of peritoneal cells. For peritoneal exudate cell (PEC) transfers, peritoneal lavage was performed with 10 ml of ice-cold RPMI 1640 supplemented with 2% fetal bovine serum and 5 USP U of heparin/ml. When donor mice had been previously infected with Brugia L3, the lavage fluid was assessed microscopically for the presence of the parasites and the larvae were removed manually prior to collection of cells. Cells were separated using Midi-MACS positive selection columns (LSϩ) following the protocol provided by Miltenyi Biotec Inc. (Auburn, Calif.). Briefly, PECs were washed and resuspended in the labeling buffer (PBS, 0.5% bovine serum albumin, 2 mM EDTA, pH 7.2) at a final concentration of 5 ϫ 10 7 cells in 500 l. Cells were labeled with biotinylated anti-mouse CD19 (clone 1D3; BD PharMingen) followed by incubation with streptavidin-coated microbeads (481-01; Miltenyi Biotec Inc.). Labeled cells were separated by passage through a magnetic separation column. Cells were injected i.p.
FACS analyses. PECs were collected from animals individually and counted using a hemocytometer. Cell concentrations were adjusted to 10 7 /ml in staining buffer (PBS, 0.2% bovine serum albumin, 0.1% NaN 3 ). An aliquot containing 10 6 cells (100 l) was incubated with 10 to 100 l of appropriately diluted antibodies at 4°C. All antibodies were obtained from BD PharMingen, unless stated otherwise. After staining, cells were washed twice with staining buffer and fixed in 0.5% buffered formalin. Fluorescence-activated cell sorter (FACS) data were acquired on a FACSCalibur (Becton Dickinson, San Jose, Calif.) and analyzed using WinMDI (Joseph Trotter, The Scripps Research Institute).
RNase protection assay. RNA was isolated from pooled peritoneal cells using TRIzol (GIBCO Life Technologies). RNA concentration and purity were determined by measuring the optical density at 260 nm (OD 260 ) and OD 280 . RNA solutions were aliquoted and stored at Ϫ70°C until use.
RNase protection assays were performed using the in vitro transcription and RiboQuant RNase protection assay kits (catalogue no. 45004K and 45014, respectively; PharMingen) using the protocol provided by the vendor. The mCK-1 (45001P) and mCK-5 (45026P) probes were used. [␣-
32 P]UTP was bought from NEN Life Sciences (Boston, Mass.).
Statistical analysis. The data are presented with standard deviation values. Two-tailed Student's t tests were used to compare control and experimental groups.
RESULTS
B-lymphocyte-deficient mice are permissive to primary and challenge infections with B. pahangi. In our previous publications we reported that B6 Igh6 Ϫ/Ϫ mice are significantly more permissive to Brugia infection than their immunocompetent counterparts (22) . In order to ensure that the permissive phenotype of these mice is due to the absence of B lymphocytes rather than some other (uncharacterized) deficit in this particular strain, we analyzed B. pahangi infection in another B-celldeficient strain, BALB/c JHD, and compared parasite recoveries from these mice with those from other mutants known to be permissive to B. pahangi infection. Figure 1 compares B. pahangi infection in wild-type, JHD, T-cell receptor-␤-deficient (TCR␤ Ϫ/Ϫ ), and SCID mice on the BALB/c background. In this experiment BALB/c ϩ/ϩ mice essentially clear the infection by 3 weeks postinfection, whereas BALB/c JHD mice have significantly higher worm burdens. At this time point, T-lymphocyte-deficient mice have significantly fewer worms than B-lymphocyte-deficient JHD or T-and B-lymphocyte-deficient SCID mice. At 12 weeks postinfection, parasite recoveries were not statistically different among the three immunodeficient strains, while all of them had significantly more parasites than wild-type mice. Interestingly, microfilariae were present in the peritoneal cavities of SCID and TCR␤ Ϫ/Ϫ mice but none were observed in JHD mice, despite the presence of significant numbers of both male and female worms.
We recently reported that wild-type mice exhibit accelerated clearance of challenge infection following priming with live Brugia L3. We also reported that accelerated clearance of challenge infection does not happen in T-lymphocyte-deficient mice (25) . We investigated the requirement for B lymphocytes in a challenge infection with B. pahangi parasites. Cohorts of wild-type or Igh6 Ϫ/Ϫ mice on a B6 background were primed with 50 infective-stage larvae 2 months prior to challenge infection. Fourteen days after the challenge infections, worm recoveries were 25% in the primary infection and 3.5% in the challenge infection in the wild-type mice (P Ͻ 0.05). In contrast, in Igh6 Ϫ/Ϫ mice parasite recoveries were virtually identical in the primary and secondary infection groups (68 and 64%, respectively) ( Fig. 2) .
Primed peritoneal B lymphocytes can transfer protection against B. pahangi infection to T-cell-deficient NUDE mice. We investigated the ability of peritoneal B lymphocytes to transfer protection against B. pahangi infection to T-lymphocyte-deficient mice. It is well established that T cells are required for the successful elimination of brugian parasites from mice. We hypothesized that T cells are critical for the activation of the peritoneal B cells. We further hypothesized that once this activation occurred, peritoneal B lymphocytes could transfer protection to the T-cell-deficient NUDE mice, without the continued presence of T cells. We compared the ability of 
FIG. 2. Comparison between B. pahangi recoveries following primary or challenge infection in B6
ϩ/ϩ (WT) and B6 Igh6 Ϫ/Ϫ mice. B6 ϩ/ϩ and B6 Igh6 Ϫ/Ϫ mice were immunized with 50 B. pahangi L3 i.p. Two months following immunization, these groups and nonmanipulated control groups received a challenge infection with 50 B. pahangi L3. Worm recoveries were quantitated at 2 weeks postinfection. The bars represent the average from eight mice for all the groups except the Igh6 Ϫ/Ϫ group that received only challenge infection, which had seven mice. P is Ͻ0.001 for wild-type mice.
peritoneal B lymphocytes from either naïve or previously exposed mice to transfer protection. PECs were collected from either naïve or previously infected B6 ϩ/ϩ mice. B lymphocytes were purified by positive selection on magnetic bead separation columns by using an anti-CD19 antibody. Figure 3 shows the forward and side scatter profiles of the positively selected (Fig. 3a) and the flowthrough fractions (Fig. 3c) . Macrophages (gate R3) and eosinophils (gate R4) are notably absent in the positively selected fraction, which only contains cells that stain positively for CD19 and B220 (Fig. 3b) . In contrast, the flowthrough fraction has distinct macrophage and eosinophil populations. In addition, most of the lymphocytes in this fraction fall in the small lymphocyte gate (R1), and 80% stain positively with an anti-CD3 antibody (Fig. 3d) .
Positively selected cells were used to reconstitute B6 NUDE mice (5 ϫ 10 6 cells per recipient). A control group of NUDE mice was reconstituted i.p. with positively selected CD19 ϩ peritoneal cells from B6 ϩ/ϩ donors that had not been exposed to Brugia parasites ( Fig. 3e and f) .
Reconstituted mice were infected with B. pahangi L3 9 days after cell transfer. Cohorts of nonmanipulated B6 NUDE mice and B6 ϩ/ϩ mice were infected, as well as additional control groups. All mice were necropsied 2 weeks postinfection. The mean worm burdens are shown in Fig. 4 . All NUDE recipients of primed purified peritoneal B cells had no worms in the peritoneal cavity at the time of necropsy (average, 0%). In contrast, all wild-type mice had live parasites (12% average). Primed B lymphocytes not only facilitated worm clearance in NUDE recipients but also demonstrated the capacity to promote a degree of resistance to the parasites similar to that expected in primed wild-type mice. Remarkably, NUDE recipients of naïve peritoneal B cells had worm burdens that were comparable to those in nonmanipulated NUDE mice (26 and 28%, respectively). Phenotypic analysis of B lymphocytes showed that there was a significant increase in immunoglobulin E-positive (IgE ϩ ) cells and a significant decrease in CD5 ϩ cells in the mice that received primed peritoneal B cells (Fig. 5) .
Cell recruitment to the site of infection in B-lymphocytedeficient mice. Since very little work has been done to address the role of B lymphocytes in filarial infection, there are no data to indicate the mechanisms of B-lymphocyte-mediated protection in this model. Our studies of the immune response to the parasites in wild-type mice indicated that, in a resistant host, mice were infected with 50 B. pahangi L3 intraperitoneally. All mice were necropsied at 2 weeks postinfection and worm burdens were quantitated. n ϭ 10 for the No Tx and primed B groups; n ϭ 9 for the naïve B group; n ϭ 5 for the B6 ϩ/ϩ group.
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on October 15, 2017 by guest http://iai.asm.org/ parasite entry is followed by an increase in peritoneal cells. This observation suggested that cell recruitment to the site of infection is critical for parasite clearance. We compared cell accumulations in the peritoneal cavities of B6 ϩ/ϩ and B6 JHD mice following B. pahangi infection. Naïve B-cell-deficient and wild-type mice had equivalent PEC numbers. These numbers also did not diverge between these two strains at early time points of infection, but they did so by 1 week postinfection (Fig. 6) . Wild-type mice more than double the cell numbers at the site of infection between days 3 and 7 postinfection, whereas the increase in JHD mice is apparent only at day 14 postinfection.
Analysis of the PEC profiles of these two cohorts is shown in Table 2 . Naïve B6 JHD mice had more T cells than wild-type mice (zero time point). However, by day 7 postinfection more T lymphocytes were present in wild-type mice compared to JHD mice. The difference became statistically significant by 2 weeks postinfection.
Although there were fewer eosinophils in JHD mice at day 7 postinfection, their numbers were not different from those of wild-type mice at later time points (Table 2) . Notably, the eosinophil numbers peak at 1 week postinfection in wild-type mice and then decrease. This peak coincides with the period of maximum worm clearance. Worm burdens in wild-type mice decrease from 50% recovery at day 7 to 1% recovery at day 14 postinfection. We have observed that, unlike macrophages, which are resident cells in the peritoneal cavity, eosinophils in the peritoneal cavity are specific for the presence of parasites, and their numbers decrease as soon as the infection is cleared. JHD mice have steady numbers of eosinophils at the site of infection at all time points measured. We observed no differences in macrophage numbers between the two groups at any time point measured ( Table 2) .
Role of B-cell-dependent cytokine production in the antifilarial immune response. Recent reports have demonstrated cytokine production by B lymphocytes and their possible role in immunoregulation (11) . In order to investigate how the absence of B lymphocytes might influence cytokine production in response to filarial parasites, we compared cytokine mRNA levels in the peritoneal cavities of wild-type and B-cell-deficient mice at various times postinfection. Figure 7 shows the data obtained from a total of 50 mice (25 each of B6 ϩ/ϩ and B6 JHD). Five mice of each strain were used for each time point.
Clear differences were observed between the two groups. Wild-type mice demonstrate a strong upregulation of steady state interleukin-4 (IL-4), IL-5, and IL-13 mRNA levels as early as day 1 postinfection. These mRNA levels decrease thereafter. IL-10 is also measurable at this early time point. In contrast, these cytokine mRNAs are not detected in JHD mice. In addition, JHD mice exhibit higher steady-state message levels for gamma interferon than wild-type mice.
Antigen presentation by B lymphocytes is not required for protection against Brugia infection. B lymphocytes express major histocompatibility class (MHC) class II surface antigens and can present antigens to CD4
ϩ T cells. Moreover, Zimecki et al. showed that peritoneal B1 cells are more efficient antigen-presenting cells than conventional B cells or nonperitoneal B cells (36) . We investigated the role of MHC class II-mediated antigen presentation by B cells in response to filarial parasites.
Mice that do not express MHC II antigens manifest an immunological defect in addition to the expected lack of MHC II antigens (6, 10) . Due to failure of expression of MHC class II antigens, they also lack CD4 ϩ T lymphocytes. A requirement for CD4 ϩ T cells in the clearance of Brugia parasites is well established (4) . Therefore, independent of MHC II expression, the lack of CD4 ϩ T cells can render MHC class II-deficient mice permissive to Brugia parasites. In order to differentiate between the protective effect mediated by CD4 ϩ T cells and the one that is mediated through MHC II presentation, we used the adoptive transfer protocol depicted in cytes are expected to have normal lymphocyte populations and MHC II expression, whereas the SCID mice reconstituted with Igh6 Ϫ/Ϫ spleen cells would be phenotypically similar to Igh6 Ϫ/Ϫ mice. The last group would contain B lymphocytes that do not express MHC II antigens but other cell types that would. Most importantly, the absence of MHC II expression on B cells in these mice would not be associated with an absence of CD4 ϩ T cells. In addition, a cohort of nonmanipulated B6 SCID mice was included as a positive control. The results of this experiment are shown in Fig. 9 . The SCID recipients of wild-type splenocytes had significantly lower worm burdens than either nonmanipulated SCID mice or the recipients of Igh6 Ϫ/Ϫ spleen cells. The mice that received a mixture of Igh6 Ϫ/Ϫ and MHC II-deficient splenocytes were also able to decrease worm burdens significantly compared to the two control groups. Therefore, the addition of MHC IIdeficient B lymphocytes can restore protection against Brugia infection in mice, suggesting that MHC II-mediated antigen presentation by B cells may not be critically required for host protection.
In addition to MHC II expression, mouse B lymphocytes can express the nonclassical antigen-presenting molecule CD1 (7).
Infection of B6 CD1
Ϫ/Ϫ mice with B. pahangi L3 resulted in rapid parasite clearance of the parasites, similar to what we observe in B6 ϩ/ϩ mice (data not shown). The role of antibody in protection against Brugia infection in mice. Transfer of protection against infection with serum from individuals that have recovered from an infection is a classic way to confirm the role of humoral immunity in host protection (3, 15, 16, 21) . We used this approach to demonstrate a role for humoral immunity in Brugia infection in mice. CBA/Ca mice were immunized with B. pahangi L3 and bled 3 weeks postinfection. Serum was pooled from 35 immunized mice and injected i.p. into CBA/N recipients at days 0, 2, 4, 6, 8, 10, and 12 postinfection with B. pahangi L3. One control group received pooled serum from B. pahangi-immunized B6 Igh6 Ϫ/Ϫ mice following the same schedule. A control cage of CBA/N mice was infected with B. pahangi L3 and received no other treatment. All mice were necropsied at 14 days postinfection. Figure 10 shows that all three groups had similarly high worm recoveries. Thus, whole serum transfer did not decrease the worm burdens in CBA/N mice.
Another possible way to address the protective function of antibody in the immune response is to investigate the role of Fc receptors. These receptors, when bound to antibody-antigen complexes, trigger various responses in the cells that include, among others, phagocytosis, degranulation, cytokine release, and downregulation or upregulation of cell activation. We investigated the ability of available Fc receptor-deficient mice to clear Brugia parasites. There are two mouse strains on the B6 background that have targeted deletions of an Fc receptor gene: B6.129P2-Fcgr3 tm1Sjv mice, deficient in Fc␥RIII, and B6.129P2-Fcerg1 tm1 mice, deficient in the ␥ chain subunit of the Fc receptor. The common ␥ chain of Fc receptors is expressed in FcεRI, Fc␥RI, and Fc␥RIII (26) . Both knockout strains cleared B. pahangi parasites with the same kinetics as B6 ϩ/ϩ mice (data not shown).
DISCUSSION
Our data indicate that mature B lymphocytes are required not only for the clearance of a primary Brugia infection but also for the accelerated response to a challenge infection with L3 larvae. There are two possible explanations for this observation. First, B lymphocytes and/or their products might be essential for killing the parasites and, in their absence, there is no ϩ/ϩ mice and 25 B6 JHD mice were infected with 50 B. pahangi L3. Five mice from each cohort were sacrificed on days 1, 3, 7, 14, and 22 postinfection. PECs were collected from each group, pooled, and used for RNA preparation. Forty micrograms of RNA from each group was used for an RNase protection assay using the mCK-1 probe. Each lane shows cytokine expression from five mice.
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compensatory factor to perform the same function. Conversely, it is possible that B lymphocytes are required for the induction and/or maintenance of immunological memory to the parasites. Interestingly, the inability of B-lymphocyte-deficient mice to reduce worm burdens during a secondary infection has been reported in several nematode infection models that do not manifest a role of B cells in a primary infection.
Litomosoides sigmodontis infections showed no differences in parasite burdens between BALB/c wild-type and B-lymphocyte-deficient mice (18) . However, whereas wild-type mice demonstrated 65% protection following vaccination with irradiated infective-stage larvae, Igh6 Ϫ/Ϫ mice had similar worm burdens in primary and challenge infections. A similar observation was published for Schistosoma mansoni infection in mice. While vaccination with irradiated cercaria induced up to 80% resistance to reinfection in B6 ϩ/ϩ mice, the protection was significantly reduced in B6 Igh6 Ϫ/Ϫ mice (13). Our data strongly support the hypothesis that B lymphocytes, when primed, are capable of mediating protection against Brugia parasites. Although T cells are required for parasite clearance during a primary infection, they are not necessary for the final stage of Brugia parasite clearance in mice. A similar observation was reported for a mouse model of S. mansoni infection (14) . In this model, mice that were treated with an antibody that depletes CD4 ϩ T cells were permissive to infection with S. mansoni cercaria. However, if mice were immunized with irradiated infective-stage larvae prior to depletion of CD4 ϩ cells, they remained resistant to the infection. While the parasite model and the methods used in this study are very different from ours, they support the same conclusion.
NUDE recipients of primed peritoneal B cells had a high percentage of IgE ϩ cells. Indeed, we find that in B6 ϩ/ϩ mice 40% of B cells are positive for surface IgE staining by 2 weeks postinfection (unpublished observation). Interestingly, another B-cell population that was markedly different in the recipients of primed B cells was the B1a lymphocyte population. The decrease of CD5 ϩ B cells might be of functional importance. CD5 is a surface molecule that was originally discovered as a marker for a subset of T lymphocytes (12) . On T cells, CD5 is believed to be important for negative regulation of TCR-mediated signal transduction (30) . Similarly, CD5 appears to be a negative regulator of B-cell receptor (BCR)-mediated signal transduction (5) . Unlike splenic B cells, peritoneal CD5 ϩ B lymphocytes undergo apoptosis when stimulated through the surface IgM receptor (5, 24) . In contrast, in the absence of CD5, BCR stimulation drives B1 lymphocytes into proliferation. It is possible that the decrease in the proportion of peritoneal B1a cells following Brugia infection is an important step that aims to maximize B-lymphocyte proliferation and responses. In this light, the observation that the proportion of B1a cells goes up in BALB/c but not in B6 mice infected with S. mansoni (23) might indicate one (of many) possible mechanism that underlies the well-established phenomenon of BALB/c mice being more permissive to infection with metazoan pathogens, such as Brugia, Litomosoides, or Schistosoma.
Although we did not find significant differences in peritoneal cell numbers between uninfected B6 ϩ/ϩ and B6 JHD or B6 Igh6 Ϫ/Ϫ mice, B-cell-deficient mice demonstrated clear defects in T-cell and eosinophil recruitment to the peritoneal cavity following infection with the parasites. Since eosinophil recruitment in this infection model appears to be dependent on T lymphocytes, it is possible that the lower numbers of eosinophils in JHD mice are due to the defect in T-lymphocyte function and not to the absence of B lymphocytes. B-lymphocyte-deficient mice demonstrated a defect in Th2 polarization in the peritoneal cavity and a higher expression of gamma interferon mRNA by peritoneal cells, compared to wild-type mice. IL-4 and IL-5 production is known to be protective in experimental filarial infection models (1, 17, 27) , whereas IL-13 plays a role in protection against gastrointestinal nematodes (9) . Since wild-type mice demonstrated strong expression of IL-4, IL-5, and IL-13 mRNA by peritoneal cells on day 1 postinfection, it is possible that very early production of these cytokines in the peritoneal cavity is critical for the Th2 polarization of the immune response and for the clearance of the parasites. We do not have, however, data to indicate that peritoneal B lymphocytes are the source of these cytokines. Since peritoneal B lymphocytes have been shown to secrete IL-10 in response to the nonprotein schistosomal antigens, similar secretion of IL-10 following exposure to filarial parasites may be an important factor for Th2 polarization of the immune response in the Brugia mouse infection model. While in our hands serum transfer failed to protect CBA/N mice from Brugia parasites, we cannot rule out the protective role of antibody in Brugia infection. It is not known which antibody isotype(s) might be protective and how much antibody actually stays in the peritoneal cavity after injection. In addition, if CBA/N mice have defects other than antibody production, serum transfer might not be able to compensate for them.
In conclusion, the data presented herein demonstrate the transfer of protection against Brugia infection with peritoneal B lymphocytes from primed mice. Although the production of antibodies has traditionally been thought to be the primary role of B cells in the immune response, our data indicate that B lymphocytes may be critical for proper cell recruitment to the site of infection and for the initiation of Th2-like responses in the peritoneal cavity. 
